Abstract. Fibroblast growth factor 7 (FGF7) is a mesenchyme-specific heparin-binding growth factor that binds FGF receptor 2 (FGFR2) to regulate numerous cellular and physiological processes. FGF7/FGFR2 signal is associated with gastric cancer progression. In the present study, we investigated the molecular mechanism by which FGF7/FGFR2 promotes invasion and migration in human gastric cancer. We first demonstrated that increased FGFR2 expression in human gastric cancer tissues was significantly associated with tumor depth and clinical stage in human gastric cancer tissues. Thrombospondin 1 (THBS1) is an extracellular glycoprotein that plays multiple roles in cellmatrix and cell-cell interactions. Increased expression of THBS1 significantly correlated with tumor differentiation. FGFR2 and THBS1 expression were both increased in cancer tissues as compared with adjacent normal tissues and their expression was positively correlated. In vitro, FGF7 stimulation of cell invasion and migration was partially suppressed by the FGFR2 knockdown. In addition, FGF7/FGFR2 upregulated THBS1, and cell invasion and migration were decreased by knockdown of THBS1. Furthermore, the PI3K/Akt/mTOR signaling pathway was predominantly responsible for FGF7/FGFR2-induced THBS1 upregulation. Taken together, our data suggest that FGF7/FGFR2/THBS1 is associated with the regulation of invasion and migration in human gastric cancer.
Introduction
Gastric cancer is one of the most common cancers worldwide, with more than 900,000 new cases and 700,000 deaths each year (1). High-incidence areas include Eastern Asia, Central and Eastern Europe and South America (1) . Current treatments to improve survival involve surgical resection, supplemented with neoadjuvant or adjuvant chemotherapy, with or without radiotherapy (2) (3) (4) . Although the incidence of gastric cancer is decreasing, the prognosis is still among the poorest of all solid-organ tumors. The 5-year survival for stage Ⅳ disease rarely exceeds 5% and the median overall survival is less than 1 year (5, 6) .
Fibroblast growth factors (FGFs) comprise a large family of heparin-binding growth factors that regulate numerous cellular and physiological processes including proliferation, angiogenesis, invasion and migration (7) . FGFs carry out their diverse functions by binding and activating members of the FGF receptor (FGFR) family of tyrosine kinase receptors (8) . FGF7, also known as keratinocyte growth factor is expressed specifically in mesenchyme (7) . FGF7 exerts its effect in a paracrine manner and specifically activates the receptor tyrosine kinase FGFR2Ⅲb (8, 9) . FGF7 binding forces FGFR2 dimerization, and in turn rapidly triggers several signal transduction pathways, including RAS-mitogen-activated protein kinase (MAPK) and phosphoinositide 3-kinase (PI3K) Akt signaling pathways, which play fundamental roles in tumor progression (10) . The coexpression of FGF7 and FGFR2 in gastric and pancreatic cancers, as well as in lung adenocarcinomas, is associated with poor prognosis (11) (12) (13) . Paradoxically, decreased expression of FGFR2 has been reported in several cancers (14) (15) (16) . These contrasting and context-dependent roles of FGFR2 underscore the complexity of FGF7/FGFR2 signaling.
Thrombospondins are a family of homologous proteins that regulate cellular phenotype and extracellular structure during tissue genesis and remodeling (17) . Thrombospondin 1 (THBS1) was the first member to be identified, and it is widely known as an endogenous inhibitor of angiogenesis (18) . THBS1 is synthesized by many cell types and can be secreted to the extracellular matrix. Numerous cell assays attribute a role for THBS1 in cell invasion and migration (19) (20) (21) . However, conflicting results were obtained in different cell types (22) . In FGF7/FGFR2 signal promotes invasion and migration in human gastric cancer through upregulation of thrombospondin-1 recent years, an increasing number of studies have suggested THBS1 as a poor prognosis and recurrence marker in various cancer types including glioma, melanoma, as well as ovarian and pancreatic carcinomas (19, (23) (24) (25) . Of note, THBS1 is a multi-modular and multi-functional protein that exerts intricate and sometimes opposite effects on tumor progression. Based on the previous reports, we hypothesized that FGF7/ FGFR2 signal promotes invasion and migration in human gastric cancer through regulation of THBS1. In the present study, we investigated the mechanisms of THBS1 regulation by FGF7/FGFR2, and we assessed the functional roles of FGF7/FGFR2/THBS1 in gastric cancer invasion and migration in vitro and in vivo.
Materials and methods
Tissue specimens. Fifty-three gastric cancer primary tissue samples and adjacent matched non-tumor tissue samples were collected between January 2014 and August 2014 after obtaining informed consent from the patients under institutional review board-approved protocols. None of the patients had received treatment prior to enrolment in the present study. All diagnoses were histopathologically confirmed. This study was approved by the institutional research ethics committee of Tongji Hospital of Tongji Medical College, Huazhong university of Science and Technology (Wuhan, China).
Immunohistochemistry (IHC).
Formalin-fixed and paraffinembedded tissue sections (5 µm thick) were deparaffinized, rehydrated, blocked of endogenous peroxidase and subjected to antigen retrieval. The sections were incubated with 5% bovine serum albumin (BSA) at room temperature for 30 min immediately followed by primary antibodies (FGFR2, 11835, 1:50; Cell Signaling Technology, Inc., Danvers, MA, uSA; THBS1, TA325040, 1:100; Origene, Rockville, MD, uSA) at 4˚C overnight. After washing in Tris-buffered saline (TBS), the slides were reacted with peroxidase polymer-conjugated secondary antibody and DAB following counterstaining with hematoxylin. Primary antibodies were replaced by TBS as negative control. Each stained section was evaluated by two senior pathologists blinded to the clinical information, and conflicting cases were adjudicated by a third pathologist. Five fields were randomly selected and observed under a light microscope. The staining results were scored based on the percentage of positive cells (0, <10% positive cells; 1, 10-30% positive cells; 2, 30-50% positive cells; and 3, >50% positive cells), as well as on staining intensity (0 for negative staining, 1 for weak staining, 2 for moderate staining and 3 for strong staining). IHC total score was calculated as the product of both scores, which ranged from 0 to 9. The cut-off was arbitrarily defined as a score ≥4 represents high expression and a score <4 indicates low expression.
Cell lines and reagents. Human gastric cancer cell lines SGC7901, MKN28 and NCI-N87, human colorectal cancer cell lines SW480, Caco2 and HCT116, human lung adenocarcinoma cell line A549, human nasopharyngeal carcinoma cell line CNE2, and human breast cancer cell lines SKBR3 and MDA-MB-231 were acquired from Oncology Laboratory of Tongji Hospital (Wuhan, China). Cells were maintained in RPMI-1640 (Hyclone Laboratories, Inc., Logan, uT, uSA) supplemented with 10% fetal bovine serum (FBS; Gibco, Waltham, MA, uSA) at 37˚C under a humidified 5% CO 2 atmosphere. FGF7 was purchased from PeproTech (Rocky Hill, NJ, uSA). LY294002, u0126, SP600125, SB203580 and RAD001 were obtained from Promoter Biotechnology (Wuhan, China).
Invasion and migration assays. Cell migration and invasion assays were performed using polycarbonate membrane Trans-well inserts (8 µm pore size) in a 24-well format (Corning, Inc., Corning, NY, uSA). For the invasion assay, the insert membranes were precoated with diluted matrigel (BD Biosciences, San Jose, CA, uSA). Cells (1x10 5 / well) in 0.2 ml of serum-free medium were seeded onto the membranes of the upper chambers, which had been inserted into the wells containing 10% FBS-supplemented medium. After 24 h, the cells were fixed with 100% methanol and stained with 0.1% crystal violet. Non-invaded cells were removed from the upper well with cotton swabs. The Transwell migration assay was performed in a similar manner but without matrigel on the filter. Cells were counted in three randomly chosen fields and photographed under an inverted microscope (magnification, x200).
shRNA-mediated FGFR2 knockdown. Lentivirus-FGFR2-RNAi vector and the corresponding empty vector were obtained from Shanghai GeneChem, Co., Ltd. (Shanghai, China). Two independent shRNA constructs (target sequence: shRNA-1, 5'-CCCTGTTTGATAGAGTATA-3'; shRNA-2, 5'-GAGGCTACAAGGTACGAAA-3') were designed and subcloned into the lentivirus-FGFR2-RNAi vector to generate hu6-MCS-CMV-Puromycin, which was confirmed by Sanger sequencing. The recombinant lentiviruses were packaged and prepared at a final titer of more than 3x10 8 transducing units/ml. SGC7901 cells were cultured to 60% confluency in complete medium for 24 h before transduction. Lentivirus-FGFR2-RNAi vectors or empty vectors were added at a multiplicity of infection of 100 and supplemented with 5 µg/ml polybrene (Shanghai GeneChem). The supernatant was changed after 12 h. After culturing for another 72 h, the stably transfected cells were selected on 2 µg/ml puromycin (Shanghai GeneChem) for 1 week. The expression level was examined by quantitative reverse-transcription (qRT)-PCR and western blotting at 1 week after selection.
Western blotting. Cultured cells were lysed in radioimmunoprecipitation assay lysis buffer with protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN, uSA). Equal amounts of protein (30 µg) solubilized in sample buffer were separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred onto polyvinylidene fluoride membranes (Millipore, Billerica, MA, uSA). The membranes were blocked in TBS containing 0.1% Tween-20 (TBS-T) plus 5% non-fat dried milk for 1 h at room temperature and probed with primary antibodies at 4˚C overnight. Primary antibodies were used at the specified dilutions: anti-FGFR2 (11835, 1:1,000; Cell Signaling Technology), anti-phospho-FGFR (3471, 1:1,000; Cell Signaling Technology), anti-THBS1 (TA325040, 1:1,000; Origene) and anti-β-actin (66009-1-lg, 1:5000; Proteintech, Chicago, IL, uSA). The membranes were washed 3 times for 10-15 min each in TBS-T and incubated with horseradish peroxidase-conjugated goat anti-rabbit or anti-mouse secondary antibodies (SA00001-2, SA00001-1, 1:5,000; Proteintech) for 1 h at room temperature. Proteins were visualized using an ECL detection kit (Thermo Fisher Scientific, Waltham, MA, uSA).
qRT-PCR. Total RNA was extracted using TRIzol reagent (TransGen Biotech, Beijing, China), and reverse transcription was carried out using the RevertAid First Strand cDNA Synthesis kit (Thermo Fisher Scientific) according to the manufacturer's instructions. For qPCR analysis, aliquots of cDNA were amplified using the Fast SYBR-Green Master Mix (Thermo Fisher Scientific) on an ABI Prism 7900 Sequence Detector. The threshold cycle (Ct) was measured during the exponential amplification phase, and the amplification plots were analyzed using SDS 2.1 software (Applied Biosystems, Waltham, MA, uSA). The PCR program consisted of an initial denaturation cycle (10 min at 95˚C) followed by 40 cycles of denaturation (15 sec at 95˚C) and annealing and elongation (60 sec at 60˚C). A melting curve analysis was added at the end of the program. The following primers were used: FGFR2, forward, 5'-GGAAAGTGTGGTCCCATCTGA-3' and reverse 5'-TCCAGGTGGTACGTGTGATTG-3'; THBS1, forward, 5'-GCTCCAGCTCTACCAGTGTC-3' and reverse, 5'-TCAGT CACTTGCGGATGCT-5'; GAPDH, forward, 5'-GGAGCG AGATCCCTCCAAAAT-3' and reverse 5'-GGCTGTTGTCA TACTTCTCATGG-3'. GAPDH was used as an endogenous control. The relative gene expression levels were calculated using the comparative Ct (∆∆Ct) method, where the relative expression is calculated as 2 -∆∆Ct .
Enzyme-linked immunosorbent assay (ELISA).
Serumstarved cells were treated with or without FGF7. At 12, 24 and 48 h, conditioned media were collected and ELISA for human THBS1 was conducted according to the manufacturer's protocol (Origene). THBS1 concentration was determined from a standard curve.
siRNA-mediated RNAi. siRNAs (THBS1, siRNA-1 5'-CGu UGGUGAUGUAACAGAATT-3' , siRNA-2 5'-GAGUGGACC UCCUGUUCUATT-3', siRNA-3 5'-GCGUGAAGUGUACU AGCuATT-3') were synthesized at Shanghai GeneChem. A non-targeting siRNA (Shanghai GeneChem) was used as a negative control. Cells were transiently transfected with siRNA using Lipofectamine 2000 (Invitrogen, Waltham, MA, uSA) according to the manufacturer's protocol. Briefly, siRNAs were diluted in serum-free media and mixed with Lipofectamine 2000. The mixture was left at room temperature for 10 min. Cells were washed twice with phosphate-buffered saline (PBS) and then incubated with Lipofectamine-siRNA complexes in a humidified incubator at 37˚C with 5% CO 2 for 48 h. Transfection efficiency was detected by qRT-PCR and western blotting.
Statistical analysis.
Experiments were repeated at least three times. All data are expressed as the mean ± standard deviation (SD). Means were compared using Student's t-test. The Chi-square test or Fisher's exact test was used to analyze the relation between FGFR2 and THBS1 expression and other clinicopathological parameters. Additionally, correlation analysis was used to determine the correlation between FGFR2 and THBS1 expression. There was a positive correlation at the correlation coefficience of r>0. P<0.05 was considered statistically significant.
Results

Expression of FGFR2 and THBS1 is increased in tumor tissues, positively correlated and correlated with clinicopathological factors.
We determined the protein expression of FGFR2 and THBS1 in paired tumor and adjacent normal tissues of 53 patients undergoing curative resection by IHC. FGFR2 was mainly expressed in the cytoplasm (Fig. 1A  and C) , while THBS1 was expressed in the cytoplasm and extracellular matrix ( Fig. 2A and C) . Compared with adjacent normal tissues, tumor tissues had significantly elevated expression of FGFR2 and THBS1 (Figs. 1E and 2E) .
Next, we classified the cancer tissues into high and lowexpression groups according to the criteria described in Materials and methods. With the aim to identify the parameters affecting processes involving FGFR2 and THBS1 in gastric cancer, we analyzed the correlations between FGFR2 and THBS1 expression and those with clinicopathological factors using the Chi-square test or Fisher's exact test. Correlation analysis suggested a positive correlation between FGFR2 and THBS1 expression (r= 0.29, P= 0.035) (Fig. 2F) . The median age at the time of diagnosis was 53 years (range, 27-81 years). Patients with high FGFR2 expression had deeper tumor depth (P= 0.021) and were in a later clinical stage (P= 0.036) than patients with low FGFR2 expression (Table I) . However, high expression of THBS1 was correlated with well and moderate tumor differentiation (P= 0.003) (Table II) . These findings indicated that high FGFR2 expression may promote the invasion and migration in gastric cancer, and THBS1 is a multifunctional protein that exerts important roles on tumor progression.
FGF7/FGFR2 promotes invasion and migration in human gastric cancer cells.
To mimic paracrine regulation and to check whether exogenous FGF7 would promote invasion and migration in vitro, we conducted invasion and migration assays using SGC7901 and MKN28 cells and different concentrations (1, 10 and 100 ng/ml) of FGF7. The treatment with FGF7 caused a dose-dependent increase in the number of invading (Fig. 3A and B) and migrating ( Fig. 3C and D) cells. To study FGF7 function further, we knocked down FGFR2 expression in SGC7901 cells via lentivirus-mediated shRNA transduction. Two independent shRNAs (shRNA-1 and shRNA-2) and a negative control shRNA (shRNA-NC) were subcloned into the vector GV112 (Fig. 3E) . After lentiviral transduction was stabilized, FGFR2 expression was verified both at the protein and the mRNA level. Western blotting showed that the protein expression in the shRNA-2 cells was significantly suppressed (Fig. 3F ) and the mRNA level in the shRNA-2 cells was >50% lower than shRNA-NC cells (Fig. 3G) . The shRNA-1 was not as effective as shRNA-2 in the knockdown of FGFR2. FGFR2 protein and mRNA expression was similar between shRNA-NC and normal SGC7901 cells (Fig. 3F and G) . FGF7 treatment (10 ng/ml for 24 h) elevated the invasive and migratory abilities of shRNA-NC cells compared to shRNA-2 cells (Fig. 3H and I) . Thus, FGF7/FGFR2 is involved in the invasion and migration of human gastric cancer cells.
THBS1 is required for the effect of FGF7/FGFR2 on invasion and migration in gastric cancer cells.
Next, we investigated the relation of FGF7/FGFR2 and THBS1 in vitro. FGF7 treatment elevated the expression of FGFR2, p-FGFR and THBS1 in both SGC7901 and MKN28 gastric cancer cells in a timedependent manner (Fig. 4A) . THBS1 mRNA expression was also elevated after FGF7 treatment in both gastric cancer cells (Fig. 4C) . Based on this observation, we sought to confirm the potential relation between FGF7/FGFR2 and THBS1, using the FGFR2 knockdown SGC7901 cells. The shRNA-2 hairpin potently inhibited THBS1 upon treatment with FGF7 (10 ng/ ml for 48 h), while shRNA-NC did not decrease the THBS1 protein and mRNA level (Fig. 4B and D) . It has been previously noted that THBS1 in the extracellular matrix modulates tumor progress and metastasis, therefore, we evaluted THBS1 secretion by ELISA. SGC7901 and MKN28 cells were exposed to FGF7 (10 ng/ml) and incubated for 12, 24 or 48 h. The level of FGF7-enhanced THBS1 secretion increased significantly after 24 h of stimulation in SGC7901 cells, while MKN28 cells showed a slight, but statistically insignificant increase in secretion (Fig. 4E) . THBS1 in the conditioned media of shRNA-NC transfected SGC7901 cells was significantly increased after treatment with FGF7, while no significant alternation was observed in FGFR2 shRNA-2 transfected cells (Fig. 4F) . Similarly, FGF7 enhanced the secretion of THBS1 in most other cell lines derived from cancers of various locations except CNE2 (Fig. 5A) .
To define the role of THBS1 in FGF7-induced invasion and migration, we knocked down THBS1 expression in SGC7901 cells using siRNA and Lipofectamine 2000. The knockdown proved succesful (Fig. 5B and C) . Invasion and migration assays revealed that knowdown of THBS1 inhibited FGF7-induced invasion and migration ( Fig. 5D and E) , indicating that THBS1 is required for the effect of FGF7 on invasion and migration in gastric cancer cells.
FGF7 regulates THBS1 through PI3K/Akt/mTOR pathway in vitro.
Because FGF7/FGFR2 upregulated THBS1, we aimed to elucidate the underlying molecular mechanisms by using several small-molecular inhibitors, including LY294002 (PI3K inhibitor), u0126 (MEK inhibitor), SB203580 (p38 MAPK inhibitor) and SP600125 (JNK inhibitor). After pretreatment of the cells with FGF7, we examined the level of THBS1 in the presence of small-molecular inhibitors by western blotting at different time-points. We observed inhibition of THBS1 after treatment with LY294002 in both SGC7901 and MKN28 cells (Fig. 6A) . However, other inhibitors did not decrease THBS1 expression in either cell line. These results suggested that FGF7/FGFR2 modulated THBS1 mainly through the PI3K pathway. Furthermore, we examined whether mTOR participates in the modulation. As shown in Fig. 6B and C, the mTOR inhibitor RAD001 significiantly inhibited THBS1 protein and mRNA expression in SGC7901 and MKN28 cells. Thus, FGF7 upregulates THBS1 through the PI3K/Akt/mTOR pathway in vitro.
Discussion
Overexpression of FGFR2 has been reported in various cancers including lung, pancreatic and breast cancers (26) (27) (28) , and FGFR2 has been suggested as a novel therapeutic target (29, 30) . While increased expression of FGFR2 in gastric cancer has been reported (31,32), its role is not clear. To elucidate its role in gastric cancer, we examined FGFR2 expression in human gastric cancer tissues. FGFR2 was generally overexpressed in cancer vs. adjacent normal tissues. Especially, FGFR2 was highly expressed in T4 or stage III and IV patients, and its increased expression tended to correlate with invasion and migration. The 5-year survival rates for stage I and II patients exceeded 60%, while the rates for stage III and IV patients rarely exceeded 50% (33) . Despite many advances in diagnosis and treatment of this disease, the prognosis for gastric cancer remains poor, especially in more advanced stages. Therefore, we evaluated two groups of clinical stage of gastric cancer together (stage I together with stage II and stage III together with stage IV). Similarly, FGFR2 expression significantly associated with tumor depth and survival of patients in esophagogastric junction adenocarcinoma (34) . The study by Nakazawa et al (35) suggested that gastric fibroblast expressed FGF7, whereas gastric cancer cells did not and FGFR2 was expressed in gastric cancer cells, while not expressed in fibroblast, indicating that FGF7 stimulated proliferation of gastric cancer cells in a paracrine manner. In gastric cancer cell lines, we found that administration of FGF7, the ligand of FGFR2, induced cell invasion and migration, while FGFR2 shRNA-2-transfected cells treated with FGF7 showed a decrease in invasion and migration. These lines of evidence suggest that FGF7/FGFR2 plays an important role in invasion and migration of gastric cancer. These data are consistent with previous reporting of FGFR2 as a candidate therapeutic target (36) .
THBS1 is a multifunctional protein that exerts a variety of biological activities. Immunohistochemimcal staining for THBS1 was detected both in the cytoplasm of the gastric cancer cells and the stromal tissue. It has been reported that THBS1 was expressed in the cytoplasm of the tumor cells of the thyroid, breast and colorectal carcinoma (37) (38) (39) . Whereas, there were some reports indicating that THBS1 only expressed in the stromal tissues of certain cancers including bladder, pancreas and prostate cancer (40) (41) (42) . Lin et al (43) revealed that THBS1 was mainly located in stromal myofibroblasts in gastric carcinoma tissues. While Nakao et al (44) found positive staining for THBS1 in the cytoplasm of the gastric cancer cells. Weak staining of THBS1 was occasionally detected in the stromal tissues in the study by Zhang et al (45) . Therefore, pattern of THBS1 expression in cancer may depend on organs or histological types, differences in the populations studied and the antibodies used in the studies. Although the role of THBS1 in angiogenesis is well documented, its role in tumor metastasis is only just emerging. THBS1 expression and secretion was elevated in melanoma cells and was associated with epithelialto-mesenchymal transition (20) . A study showed that THBS1 was inversely correlated with the degree of invasion in papillary thyroid carcinoma (37) , while other studies reported that THBS1 was a potent stimulator of cell migration and invasion in prostate, colon and breast cancers (46) (47) (48) . In addition, increased primary tumor growth and decreased metastases were observed in THBS1-knockdown animal model of breast cancer (49) . Thus, the role of THBS1 in cancer cell invasion and migration have yielded mixed results.
Our data demonstrated a marked overexpression of THBS1 in gastric cancer tissues when compared to adjacent normal tissues. Nevertheless, THBS1 was correlated with well and moderate tumor differentiation and this is clearly a less aggressive tumor biology. THBS1 in tumor microenvironment modulates angiogenesis, adhesion, proliferation, invasion, migration and immunity. The pleiotropic nature of THBS1 depends on the environment conditions, and the presence of its different receptors may have different, even opposite, effects on cell behavior and biological process. This result was a comprehensive effect of THBS1 and needed more patient samples and survival analysis. Thus, the effect of THBS1 on gastric cancer progression needs further investigation.
Researchers have found that there exists a relationship between FGF family and THBS1. In the study by Yu et al (50) , they demonstrated that THBS1-derived molecules inhibited FGF2-stimulated angiogenesis. Taraboletti et al (51) concluded the FGF2-binding sequence of THBS1 served as a template for the development of non-peptide inhibitors of angiogenesis. Expression of THBS1 is upregulated in response to various cytokines and growth factors including platelet-derived growth factor, epidermal growth factor but downregulated in response to interleukin-1β, tumor necrosis factor κ, interleukin-6 and bFGF (52, 53) . During prostate cancer progression, production of THBS1 was downregulated, while FGF2 was rised (54) . FGF8-activated signaling pathways mediated THBS1 repression in breast cancer cells (55) . Based on these observations, the exact role of THBS1, in particular after FGF7 binding of FGFR2 in gastric cancer, remains unclear. The present study demonstrated that THBS1 expression was positively correlated with FGFR2 expression. Moreover, FGF7 promoted THBS1 expression in vitro, and enhanced the secretion of THBS1 in most cell lines derived from cancers of various locations except MKN28 and CNE2, which needs further investigation. Knowdown of THBS1 inhibited FGF7-stimulated increase in invasion and migration. Together, these findings suggested that FGF7/FGFR2 may promote gastric cancer cell invasion and migration through a THBS1-mediated pathway.
FGF binding to their FGFRs activates multiple transduction pathways. Thus, we next screened which signaling pathway is involved in FGF7/FGFR2-driven regulation of THBS1 expression. The key pathways in FGF signaling are the RAS-MAP kinase pathway which includes ERK1/2, p38 and JNK kinase and the PI3K-Akt pathway (56) . using a series of inhibitors, we were able to demonstrate that FGF7/FGFR2-mediated upregulation of THBS1 may occur through the PI3K/Akt/ mTOR pathway. Further studies are warranted to elucidate the detailed mechanism.
Activation of FGFR2 signal pathway is related to disease progression in gastric cancer, thus, FGFR2-targeted therapy is considered promising. unfortunately, the multi-targeted tyrosine kinase inhibitors (TKIs) with FGFR inhibitory activity has not been demonstrated superior to standard chemotherapy in most phase III clinical trials. FGF7/FGFR2-related signaling cascades play important roles in gastric cancer progression through diverse mechnisms, thus, FGFR2 regulates different pathways in different gastric cancer cells. The identification of biomarkers of FGFR2-based therapy can help to choose the right patient population in personalized therapy. The combination of FGFR2 inhibitors and other agents may deliver better responses to gastric cancer patients (57) . Here, we hypothesize that FGFR2 inhibitors combined with THBS1 inhibitors or mTOR inhibitors may benefit gastric cancer patients. Continued basic research is needed to gain more insights into the FGFR2 signal pathway in tumor progression.
The present study has limited sample size and lack of stage IV patients. Further investigations, such as survival analysis, the expression of FGF7 in gastric cancer patients and relevant animal experiments, are necessary to clarify the role of FGF7/FGFR2/THBS1 signal in gastric cancer progression.
In conclusion, our results demonstrated that FGF7/FGFR2 signal promotes invasion and migration in human gastric cancer through the upregulation of thrombospondin 1. To the best of our knowledge, this is the first study to characterize the relationship of FGF7/FGFR2 and THBS1 in gastric cancer, which is significantly associated with poor prognosis by promoting invasion and migration. Our findings support further study of the FGF7/FGFG2/THBS1 as a potential target for gastric cancer.
